INTRODUCTION {#sec1-1}
============

Oral leukoplakia (OL) is one among important potentially malignant disorders of the oral mucosa.\[[@ref1][@ref2]\] Leukoplakia may occur anywhere on the oral mucosa, and its prevalence varies from 0.2% to 5.2% of the Indian population.\[[@ref3][@ref4]\] The tobacco chewing habit both in smoking and smokeless form is the most common cause for OL. Many oral squamous cell carcinomas develop from potentially malignant disorders.\[[@ref5]\] It has been reported that between 16% and 62% of oral squamous cell carcinomas are associated with OL.\[[@ref2][@ref6]\] Early diagnosis and treatment of these potentially malignant disorders is required to prevent their progression to malignancy. Hence, it is important for the clinician to diagnose leukoplakia in its initial stages and manage effectively.

Current treatment modalities include cessation of tobacco chewing habit and lycopene as a powerful antioxidant, a member of carotenoid family of phytochemicals obtained from tomatoes, other red fruits and vegetables (red carrots, watermelons, papayas).\[[@ref7]\] Lycopene exhibits the highest physical quenching rate constant with singlet oxygen, thereby known for its antioxidizing property.\[[@ref8]\] The conjugated polyene structure of lycopene provides an electron-rich system which neutralizes harmful free radicals and prevents cell death.\[[@ref9]\] Tomato products and lycopene consumption reduce the risk of upper aerodigestive tract cancers of oral cavities, pharynx, larynx, and esophagus.\[[@ref10]\] The ability of lycopene is supposed to modify intercellular exchange junctions, thereby effective in potentially malignant disorders.\[[@ref11]\]

Many herbal medicines have been tried in the management of oral diseases including premalignant disorders. *Calendula officinalis* is one among the herbal medicines which has the potential antioxidant property. *C. officinalis* also known as pot marigold is an annual herb belonging to family *Asteraceae*.\[[@ref12]\] Pharmacological studies have confirmed that *C. officinalis* has a broad range of biological activity such as antimicrobial, anti-inflammatory, immunomodulatory, wound healing, antiviral, and antitumoral property.\[[@ref13]\]

Research has shown that *C. officinalis* contains flavonoids, polyphenols, lutein, flavoxanthin, lycopene, auroxanthin, beta-carotene which possesses antioxidant property\[[@ref14]\] and hence can be utilized in the treatment of leukoplakia. In the light of above properties of *C. officinalis*, this study was proposed to assess the effect of herbal gel in treatment of homogeneous leukoplakia. This gel is a cost-effective treatment modality when compared with lycopene gel for the treatment of homogeneous leukoplakia.

MATERIALS AND METHODS {#sec1-2}
=====================

Sixty patients of either sex with clinically diagnosed and histopathologically confirmed cases of homogeneous leukoplakia were selected reporting to the Department of Oral Medicine and Radiology, KLE Vishwanath Katti Institute of Dental Sciences and Research Centre, Belagavi. Informed consent was obtained from all the patients, and approval was seeked from the Institutional Ethical Committee and review board of KLE Vishwanath Katti Institute of Dental Sciences, Belagavi. Individuals willing to participate in the study with the signed informed consent were included in the study. Patients with potentially malignant disorders other than homogeneous leukoplakia, any past history of major illness within a period of 6 months, allergy to *Asteraceae* family and lycopene were excluded from the study.

Patients included 60 clinically and histopathologically confirmed cases of homogeneous leukoplakia based on the classification given by Warnakulasuriya S *et al*. (2007)\[[@ref15]\] which were randomly divided into following 2 Groups with thirty patients each. Patients in Group I were dispensed *C. officinalis* gel containing antioxidants 2 mg by weight, per gram of gel. Patients in Group II were dispensed lycopene gel containing lycopene antioxidant 2 mg by weight, per gram of gel.

The double-blinded protocol was followed in which both the patient and the investigator were unknown about the medication given. Tobacco cessation counseling was done for all the patients at the very first appointment and they were instructed to apply the gel thrice daily after breakfast, lunch and dinner for a period of 1 month \[[Figure 1](#F1){ref-type="fig"}\]. Both the gels were dispensed in a sterile plastic bottle with a nozzle. Patients were instructed to use sterile ear buds for gel application at the site of the lesion. Patients were also demonstrated about the quantity and method of gel application on the lesion at the first appointment itself.

![Application of gel at the site of lesion](IJPI-7-88-g001){#F1}

The therapy was followed up for the next 3 months. Patients were examined on the 30^th^ day to assess the change in the size of the lesion at the baseline \[[Figure 2](#F2){ref-type="fig"}\] and posttreatment \[[Figure 3](#F3){ref-type="fig"}\]. The evaluation of the treatment was assessed by quantitative bidimensional measurement using clinical photographs of the lesion and measuring the size of the lesion by Photoshop software version 5. The two longest diameters calculated by the software were used to calculate the total size of the lesion. The measurements were done twice, first at the baseline (before application of the gel) and at the posttreatment (end of 1 month). The data obtained were statistically analyzed using paired *t*-test to evaluate the correlation in *C. officinalis* group and lycopene group (pre- and post-treatment), and unpaired *t*-test was done to evaluate the correlation between *C. officinalis* and lycopene group (posttreatment).

![Pretreatment homogeneous leukoplakia](IJPI-7-88-g002){#F2}

![Posttreatment after application of *C. officinalis* gel](IJPI-7-88-g003){#F3}

Gel preparation {#sec2-1}
---------------

*C. officinalis* flowers were collected from Horticulture Department (Civil) NTPC Barh, Patna, during November 2015. Flowers were authenticated by the trained and experienced faculty of Regional Medical Research Centre, Nehru Nagar, Belagavi, and the herbarium specimen was deposited at ICMR with accession number RMRC-1280. Other chemicals such as Hydroxymethyl propyl cellulose, methyl paraben, and propyl paraben used in the formulations were of analytical grade procured from the local dealers at Belagavi. The material for lycopene gel was procured from Lycored Jagsonpal Pharmaceutics Limited. *C. officinalis* and lycopene gels were prepared in the Department of Pharmaceutics, KLEU college of Pharmacy, Belagavi.

Per gram of *Calendula officinalis* gel contained {#sec2-2}
-------------------------------------------------

Compound extract-2 mg by weightGelling agent-hydroxymethyl propyl cellulose (5% w/v)Preservative-methyl paraben (0.1% w/v), propylparaben (0.01% w/v)Humectant-glycerine (5% w/v)Solvent for menthol-ethanol (2 drops)Sweetening agent-xylitol (1% w/v)Flavoring agent-menthol (0.05% w/v).

Per gram of lycopene gel contained {#sec2-3}
----------------------------------

Compound-2 mg by weightThickening agent-sodium alginate (0.3% w/v), calcium gluconate (0.005% w/v)Sweetener-Sodium saccharin (0.1% w/v)Humectant-glycerine (5% w/v)Flavoring agent-peppermint oil (0.001% w/v).

RESULTS {#sec1-3}
=======

In the present study, the majority of the patients in Group I and Group II were males. There were 28 males and 2 females in Group I and 22 males and 8 females in Group II \[[Table 1](#T1){ref-type="table"}\]. The majority of patients in Group I and Group II were in the age group of 56--65 years \[[Table 2](#T2){ref-type="table"}\]. No significant difference was present in Group I and Group II in regard to age and gender.

###### 

Sex distribution in Group I and Group II
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###### 

Age distribution in Group I and Group II

![](IJPI-7-88-g005)

The average size of leukoplakia before treatment was 4.14 cm^2^ (standard deviation \[SD\] = 2.07) and after treatment was 2.09 cm^2^ (SD = 2.59) in Group I \[[Graph 1](#G1){ref-type="fig"}\]. The average size of leukoplakia before treatment was 4.46 cm^2^ (SD = 2.41) and after treatment, it was 2.89 cm^2^ (SD = 3.07) in Group II. The mean difference in the reduction in size before and after treatment for Group I was 2.0 ± 1.0 cm while for the Group II, it was 1.57 ± 0.87 cm \[[Table 3](#T3){ref-type="table"}\].

![Comparison of change in size after *C. officinalis* gel application](IJPI-7-88-g006){#G1}

###### 

Comparison of mean±SD of size (cm) of lesion in Group I and II (pre- and post-treatment)

![](IJPI-7-88-g007)

There was statistically significant difference in both Group I and Group II when the pre- and post-treatment results were compared in the same group. However, no significant difference was observed between the two groups.

DISCUSSION {#sec1-4}
==========

Leukoplakia is one of the most common potentially malignant disorders of the oral mucosa.\[[@ref1][@ref15]\] The annual malignant transformation rate of OL ranges between 3% and 17.5%.\[[@ref15]\]

Leukoplakia is more common among the elderly men over 40 years of age, and its prevalence increases with age.\[[@ref16]\] In the present study, the majority of patients of OL were above 55 years of age, and a higher male predominance was seen. Bánóczy also reported the prevalence of leukoplakia in the age group of 51--60 years with higher male predominance.\[[@ref17]\] Espinoza *et al*. also concluded that there was higher prevalence of leukoplakia in men after 50 years of age.\[[@ref18]\] Liu *et al*. conducted a study on 218 patients of leukoplakia and reported that peak incidence was during the fifth decade of life.\[[@ref19]\] Brouns *et al*. found the mean age of 57 years among 275 patients of leukoplakia.\[[@ref20]\] A study done by Gupta *et al*. also showed the annual incidence of 1.1%--2.4% among men and 0.2%--0.03% among women.\[[@ref21]\] Various other investigators like Waldron and Shafer\[[@ref22]\] and Mohitpal Singh *et al*.\[[@ref8]\] also reported male predominance for OL.

In the present study, patients in Group II (*n* = 30) were dispensed lycopene gel. The treatment was instituted for 1 month and followed up for another 3 months. The results of the study showed significant reduction in the size of the lesion with no side effects. Similar results were reported by Mohitpal Singh *et al*. who compared two different doses of systemic lycopene (8 mg/day and 4 mg/day) with placebo in the treatment of leukoplakia and stated that patients receiving lycopene in both groups showed a significant reduction in size as compared to the placebo group.\[[@ref8]\]

The effectiveness of lycopene has also been evaluated in combination with micronutrients, and significant results are reported. Patel *et al*. found that lycopene in combination with Vitamin E and selenium was effective in reducing the clinical size of the lesion in patients with leukoplakia.\[[@ref23]\] Studies carried out by investigators like Nagasawa *et al*.,\[[@ref24]\] Sharoni *et al*.,\[[@ref25]\] Narisawa *et al*.,\[[@ref26]\] and Bhuvaneshwari *et al*.\[[@ref27]\] have suggested lycopene to be an effective agent in inhibiting carcinogenesis.

Several herbal products have been used in the treatment of leukoplakia, and their effectiveness is well documented in the literature. Palak H *et al*. concluded the role of curcumin in treating precancerous lesions.\[[@ref28]\] Deshpande *et al*. evaluated the effect of Triphala mouth rinse on the reversal of precancerous lesions and reported significant results.\[[@ref28]\] Mathew *et al*. evaluated the effectiveness of Spirulina fusiformis in the chemoprevention of oral cancer. Complete regression of lesions was observed in 16 of 28 (57%) patients supplemented with Spirulina of patients with homogeneous leukoplakia.\[[@ref29]\]

Considering the promising effects of herbal medicine in the treatment of leukoplakia, the present study was undertaken to evaluate and compare the effectiveness of *C. officinalis* extract with lycopene and to propose it as an innocuous, cheap, and easily available treatment modality for the treatment of leukoplakia. There is no evidence in literature about any study done to evaluate the effectiveness of *C. officinalis* extract in the management of leukoplakia, and hence, this is the first study.

In the present study, all the 30 patients in *C. officinalis* group demonstrated significant reduction in the size of the lesion in 1 month. The significant differences obtained in Group I indicate that *C. officinalis* extract can be readily used as an effective treatment modality in the management of leukoplakia. However, no significant differences were seen between the *C. officinalis* and lycopene group thus indicating that both the drugs are equally effective and can be successfully employed in the treatment of homogeneous leukoplakia. Patients were followed up for a period of 4 months to evaluate the stability in the reduction of size and record any recurrences.

In future, further studies should be carried out by modifying the concentration of *C. officinalis* gel and following up with histopathological changes.

CONCLUSION {#sec1-5}
==========

Thus, it can be concluded that *C. officinalis* extract can be effectively used as an alternative to conventional treatment modality. Looking at the promising results of the study, initiative should be taken in collaboration with herbal healthcare companies to introduce *C. officinalis* extract at a commercial level so that it is easily available for the patients. Further studies with larger sample size can determine optimal therapeutic dose levels and frequency of administration to improve effectiveness.
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